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SO-CALLED CYANIDE RASH IN GOLD MINE MILL WORKERS* 


WituiAM H. Brappock, M.D. aNd GrorGE R. TINGLE 


N gold mine mills which use the 
cyanide process of extracting gold 
from the ore, there is a fairly 

common skin trouble among the work- 
ers called by them cyanide rash. Since 
a search of the literature has failed to 
reveal any report of a true dermatitis 
ascribable to cyanide (3), although the 
radical is in fairly wide use in industry 
—in metal polishing, electroplating, 
the steel industry, and elsewhere—a 
brief discussion of this condition may 
not be inappropriate. 


ETIOLOGY 


‘ 


[It seems probable that there is a 
predisposing factor which is constitu- 
tional or possibly hereditary. One of 
us (G.R.T.) has worked for many 
years in mills using the cyanide proc- 
ess, not only in the United States 
roper, but the 
Islands, Alaska, and Mexico. 


ss 


also in Philippine 
While 
leaning and repairing machinery, his 
ands have necessarily often been cov- 
red with the chemieals used, both in 


t 


* Received for publication May 14, 1930. 
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solution and in the form of the various 
sludges; yet he has never been troubled 
with the affliction. His experience in- 
dicates that neither race nor climate 
isa factor, since, regardless of geo- 
graphie location, workers of the fol- 
lowing races seem to be about equally 
susceptible: Caucasians of all the vari- 
ous European stocks; negroes; Mexi- 
cans, whether pure Indian part 
Spanish; Filipinos, or rather Tagalogs; 
and Chinese. 


or 


Lack of personal cleanliness seems to 
have a bearing. The worker who had 
one of the worst cases is reputed to 
have been careless with regard to bath- 
ing and laundering. Furthermore, we 
are inclined to believe that excessive 
indulgence in aleohol has a deleterious 
effect 
that may exist, although no proof can 
be submitted. 


upon any personal immunity 


INVESTIGATION OF THE CYANIDE 


PROCESS 
Since the skin trouble is commonly 
ascribed by the workmen themselves 
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to the cyanide component in the ex- 
tracting liquids, a brief description of 
the process may be of interest. 

The cyanide process of today differs 
very little from the process which was 
developed early in the industry. The 
principal difference is not chemical, 
but is in the mechanical manipulation 
and in the machinery used for reduc- 
ing the ore to the required fineness. 
At present the standard practice is to 
crush the mine run of ore to particles 
of 1 inch or less in diameter. This is 
done by crushers, either jaw (Blake), 
gyratory, disk, ora combination. Suf- 
ficient cyanide solution is then added 
to this product to make a pulp con- 
taining 30 to 40 per cent. moisture. 
The pulp so prepared enters the ball 
mill or the rod mill. The ball mill is 
a cylindrical hollow case in which the 
ore is pulverized by shaking with loose 
steel balls; the rod mill uses steel rods 
for the same purpose. 

As the pulverized ore leaves the mill, 
lime is added, either as it comes from 
the kilns, or—as in the plant with 
which the authors are associated—after 
it has been slaked with ordinary mill 
solution or plain water in a barrel of 
about 100 gallons’ capacity. The ad- 
dition of a continuous small stream of 
this milk of lime makes an alkaline so- 
lution strong enough to protect the 
cyanide from the natural acidity of 
the ore. Otherwise, the cyanide would 
the volatile and 
deadly acid, which is, also, a poor sol- 


be converted into 
vent of the precious metals. 

The mixture now consists of ore, 
ground to a fineness of 60 to 80 per 
cent. in 200-mesh 
screen; equivalent cyanide, either so- 
dium or potassium, of 0.10 to 0.15 per 
cent.,(2 to 3 pounds to 1 ton of water); 


order to pass a 





THE JOURNAL OF INDUSTRIAL HYGIENE 


and lime content of 0.025 to 0.050 per 
cent. (¢ to 1 pound to 1 ton of water). 
It is agitated in large tanks with air. 
mechanical stirrers, or both, and then 
run to revolving or stationary leaf fjJ- 
ters, canvas leaves with a vacuum at- 
tached, which separate the solution 
containing the precious metals from 
the treated ore, which is discarded as 
waste. 

If this solution is not crystal clear, 
it must be clarified by one of various 
methods. In this plant it is merely 
pumped through a press, made of 
frames covered with canvas, which 
retains all suspended matter. Zine 
dust is then added, and the emulsion 
is forced into another stronger press. 
The precious metals are precipitated 
as a “black mud” with the zine and 
retained in the press, while the clear or 
barren solution passes through the can- 
vas to be used again. The black mud 
is tried and heated in an oil blast flame. 
This volatilizes the zine and melts the 
precious metals, which, finally, are 
cast into ingots for transportation. 

In both presses there is always a 
precipitation of the contained lime— 
more noticeable in the clarifying press 
—probably in the form of a carbon- 
ate, since it is stony hard and effer- 
vesces on the addition of acid. ‘This 
last is noted at the time the cloths from 
both presses are treated with dilute 
hydrochloric acid to remove the lime, 
a proceeding necessary about once in 
forty-five days. 

There are two points in this entire 
process where complaints of the hands 
“burning up” are most frequently 
heard. One is at the slaking of the 
lime, where there is always considerable 
lime dust flying about. The other, 
and more important, is at the mud 


J.1.H 
Sept., 1900 
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which must be cleaned fre- 
The lime content of this 


press, 
quently. 
mud is higher than that of the solu- 
‘ion, while the cyanide concentration is 


eonstant throughout the plant. Since 
ereater care has been given to pro- 
tecting the workmen’s hands at these 
two points, the wearing of rubber 
vloves being especially effective, a very 
considerable degree of improvement 
has been noted. 


VorKERS AFFECTED AND PROBABLE 
ExciTiInc AGENT 

The personnel of the plant is dis- 
tributed as follows: During the day 
shift there are two men who handle 
the run of mine ore at the crusher and 
sorting belt, while on the night shift 
they are replaced by one man in the 

These workers may be dis- 
from consideration since no 
case has been known to occur among 
them. The trouble is confined to ten 
men: three shifts of three men each— 
one at the ball mill, one at the cyanide 
plant who cleans the presses, and one 


ore bin. 
missed 


shift boss who assists in this—together 
with one mill foreman who is, of course, 
called upon to take part in all the vari- 
ous Jobs at one time or another. 

[t is estimated that in the last three 
years not more than fifty men have 
been employed in the mill plant, while 
less than half of them have been af- 
fected. This includes the slight eases, 
those in which the men did not report 
‘or treatment, but used the zine oxide 
ointment supplied in the first aid kits. 

it is suggested that the condition 
iay be a simple dermatitis, due to ir- 
ritation by a strong caustic and not to 
poisoning by eyanide; and that the 
unmediate exciting agent is probably 
lime, whether as the oxide in the dust 
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flying around the slaking barrel, or as 
a strong solution of the hydroxide in 
the mud of the mud press. 


Symptomatology 


The first sign is the rash itself, which 
appears around the wrists, and on the 
backs of the hands and fingers. Typi- 
cally, it is a dull red or bronzed indura- 
tion, the affected area being slightly 
raised and feeling harsh to the touch. 
Sometimes it quite resembles erysipe- 
las, but feels less brawny. There is 
often a fine desquamation and quite 
frequently a moderate itching 

On the wrists it is likely to assume 
the form of a papular rash, sometimes 
with a multiple furunculosis, which re- 
calls that known as ‘“‘gurry 
among the codfishermen of the North 
Atlantic coast. This rash yields read- 
ily to clean surgical dressing, especially 
if accompanied by the exhibition of tin 
and tin oxide. It is therefore believed 
to be merely a pyogenic complication 
which masks the true skin condition. 

If the affliction progresses, it spreads 


sores”’ 


to all regions of the body, favoring par- 
ticularly those areas where two sur- 
faces of skin or mucous membrane are 
in contact, such as the axillae, peri- 
neum, and gluteal folds. The 
quamation becomes more severe, large 


des- 


flakes separating off and leaving a raw, 
weeping, and 
which a serous fluid exudes. 


painful surface from 
The re- 
semblance to the desquamative stage 
Further 
progress of the condition has not been 


of eezema is most striking. 


observed, for no patient has had the 
hardihood to stay with the job beyond 
this stage. 

General symptoms have occasionally 
been complained of: gastric distress, 
dizziness, 


gaseous eructations, 


SOTNC 
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headache, and nausea; rarely a slight 
epigastric pain is mentioned. How- 
ever, these complaints have never been 
made to the physician in consultation 
with him, but they are invariably made 
to the boss on the job. Further, they 
are noted most frequently after holi- 
days and always clear up in a day or 
two. ‘Therefore, although the men as- 
scribe these symptoms to cyanide poi- 
soning, and although they correspond 
rather closely to the symptoms of 
chronic cyanide poisoning as described 
in the literature, still it is suspected 
that such symptoms are due, rather, to 
the thoroughgoing manner in which 
the miner celebrates his holidays. ‘Two 
of the workers had the worst 
cases admitted the free use of alco- 


who 


hol, one habitually in small amounts, 
the other occasionally in magnificent 
sprees. 


Pathology 


No microscopic specimens have been 


obtained. Routine urine examina- 


tions have been uniformly negative. 
Blood 


able, have not been feasible, aside from 


examinations, however desir- 
hemoglobin estimations, which have 


given normal readings. Clinically, 
the eondition has all the earmarks of 


a dermatitis. 
Diagnosis 


Diagnosis is readily made upon the 
history of the ease, as given by the 
patient, and his physical examination. 
Corroboration is furnished by the re- 
sults of treatment. 


Prophylaxis and Treatment 


ree and frequent bathing is  cer- 
tainly sine qua non. ‘The patient hav- 
ing one of the worst cases was ecare- 


less in matters of personal cleanliness. 
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One of us found workmen in the 
Philippines using aqueous silver nitrate 
solution, of 6.535 gm. to the liter (0.65 
per cent.). Good results were claimed. 
and there was no perceptible argyrosis. 

The best measure, both prophylac. 
tic and remedial, has been found to be 
a thorough coating of the hands with 
grease; zine oxide ointment seems the 
most satisfactory, apparently because 
of its adhesiveness. If this fails and 
the condition continues to spread, the 
patient is advised to change jobs. 
Thereupon the trouble promptly disap- 
pears, even though the man remains in 
the employ of the company, though 
not in the mill plant proper. 


Prognosis 


Prognosis is invariably good. At 
the worst, the patient is sure of recoy- 
ery upon changing his work. 


Illustrative Cases 


Case 1.—This man, aged 46, single, was, 
according to the employment examination 
on March 22, 1928, a normal healthy man. 
On April 7, 1928 he reported with sores on 
his wrists; duration, one day. These sores 
proved to be numerous papules, mostly at 
the hair roots, around the wrists just where 
the sleeve ends rub. They improved under 
zine oxide ointment, and later he left the 
employ of the company. 

CASE 2. 


employed before the present physician took 


This man, aged 23, single, was 
charge. He was one of a family of five 
brothers and cousins working for this com- 
pany. However, he was the only one en- 
gaged in the mill plant and was the only one 
affected. On Feb. 19, 1928 he reported with 
“eyanide poisoning’’ on both wrists; dura- 
tion, indefinite—a week orso. Ina genera! 
examination, nothing abnormal was noted. 
This poisoning was, locally, a papular rash 
as in Case 1, but with a few small pustules. 
It improved under zine oxide ointment and 
clean bandages. Later he left the employ 


of the company. 


J. 1. H. 
Sept ’ 190! 
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Case 3.—This man, aged 48, a widower, 
«as, according to the employment examina- 
tion on Sept. 30, 1927, a normal healthy 
yan, except for an atrophy of the external 
museles of the left thigh, which he said had 
ovisted from childhood. There was no limi- 
‘ation of motion although abduction was 
weakened. The left knee jerk was dimin- 
‘shed over the right. On March 3, 1928 he 

yorted with a rash on both wrists, which 
ched moderately; duration, two weeks. 
it then began to appear on the neck also. 
xamination showed a papular rash with 
papules mostly at the hair roots as in Cases 
i and 2. This improved under zine oxide 
ointment. On Oct. 25, 1928 he reported with 
a brawny, reddish, finely desquamating rash 
on the face, in patches over the cheek bones, 
and on the forehead; he also had a papular 
rash, as before, on the wrists, forearms, and 
buttocks. In addition, some of the papules 
on the wrists and forearms had become pus- 
tular. Most of the pustules had broken, 
and crusts had formed over them. These 
all healed readily under zine oxide ointment 
and the exhibition of tin. But though the 
rash on the face improved, it did not disap- 
pear entirely. Lately since wearing rubber 
gloves at his work, which is at the cyanide 
plant, he has had almost complete relief. 
He admits more or less carelessness at 
imes in handling the chemicals. 

Case 4.—This man, aged 60, single, was 
employed before the present physician took 
charge. He was attended on two occasions 
‘or pain in the right side, which suggested 

nal ealeulus, though X-rays taken else- 
where were negative. On another occasion 
he complained of a constant dull pain be- 
neath the heart, but there was no dyspnea or 
other symptom. Moderation in the smok- 
ing of strong cigars caused improvement. 


Repeated examination revealed nothing of 


Interest, except upon occasion, a slight ten- 
rness in the right loin, and a faint systolic 
urmur at the apex of the heart, with two 
three extra systoles per minute. The 
irt showed rood tolerance of the exercise 
An electrocardiogram was not fea- 
On May 27, 1927 he complained of a 

h on his hands; duration, afew days. On 
ch thenar eminence was a patch about an 


iin diameter, red, slightly raised, rough, 


and scaling. This disappeared under an al- 
kaline wash, and there was no trouble until 
Dec. 9, 1929, when he reported with the same 
condition, but with patches on the backs of 
the hands also. Treatment with zine oxide 
ointment gave rapid relief. Since then he 
has remained at work. An occasional re- 
currence of the trouble reminds him to use 
zine oxide ointment and to keep his hands 
clean. 

CasgE 5.—This man, aged 35, single, was 
employed before the present physician took 
charge. On April 15, 1927 he sought help 
for ‘‘gas on the stomach.’ He gave a his- 
tory of repeated attacks of abdominal pain, 
which had once or twice been diagnosed as 
appendicitis. Physical examination re- 
vealed a temperature of 99.2; a slight exoph- 
thalmos, with a slight nystagmus, more 
noticeable on turning the eyes to the right; 
and nothing definite in the abdomen. All 
symptoms passed off rapidly, with the ex- 
ception of ‘‘heart-burn,’’ for which he took 
soda. On May 1, 1927 he reported with a 
rash on both forearms, papular in character 
and itching slightly. Various’ solutions 
were tried, but the rash rapidly became 
worse—spreading and becoming bronzed 
and brawny—especially under treatment 
with weak ammonia. On May 7 alkaline 
antiseptic solution was tried and for a day 
or two gave relief, particularly when the 
arms were freely soaked in hot water. How- 
ever, by May 12 the rash had spread to vari- 
ous parts of the body, including the axillae 
and gluteal folds, and was desquamating 
in places so severely that a serous fluid was 
exuding from the denuded areas. He was 
advised to change jobs and left the employ 
of the company. We have been informed 
that he recovered almost immediately upon 
doing so. 

Case 6.—This man was seen only once, 
on March 15, 1928. He had had a rash at 
various times, but never so badly. The 
rash consisted of large patches on the fore- 
arms and in the different moist regions. It 
was a red, brawny, raised induration, des- 
quamating rather freely, in one or two 
places to the point of exuding serous fluid. 
He was given leave of absence to go to a 


near-by mineral spring. The trouble cleared 
up quickly in these baths, but returned very 
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shortly after he resumed work. He was 
away two or three times, once for a couple of 
months, but the rash always appeared 
shortly after he returned to his employ- 
ment. Ultimately, he was taken out of the 
mill plant and given work in the assay 
laboratory, which is in close juxtaposition. 
Since then, several months, he has not been 
troubled. 


SUMMARY 
This article discusses a dermatitis 
which oceurs among workers in mill 
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plants where the cyanide process of 
gold extraction is used. 

It is suggested that the condition 
may be a simple dermatitis, due to jp- 
ritation by a strong caustic and not to 
poisoning by cyanide; and that the 
immediate exciting agent is probably 
lime, whether as the oxide in the dust 
flying around the slaking barrel, or as 
a strong solution of the hydroxide in 
the mud of the mud press. 
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FATAL CASE OF POISONING BY ETHYLENE CHLORHYDRIN* 


EK. L. Mippieton, M.D., D.P.H. 
H.M. Medical Inspector of Factories 


WO men, a lead burner (T.), 
aged 29, and his laborer (W.), 
aged 58, were employed in the 
repair of a still in which ethylene chlor- 
hydrin (CH2C]l.CH:OH) was present. 
On the day of the accident T. en- 
tered the still to repair a leak in the 
lead lining. The still had been washed 
out and was empty. It had been 
examined by an assistant chemist, who 
gave a certificate that it was safe to 
enter, on the ground that no odor was 
perceptible. W. was sent into thestill 
to mop up the remaining water and he 
took out about 2 bucketfuls. The still 
was then filled up with water and 
emptied again by opening the 3-inch 
plug at the bottom. ‘T. then went 
into the still and enlarged the opening 
in the lead lining where the leak was, 
and W. went in again to mop up the 
liquid which had escaped. He was in 
the still three times in all, for about 
ten minutes each time. T. then en- 
tered and repaired the leak with an 
oxyhydrogen flame. This took about 
one houranda half. During this time 
W. leaned over the manhole handing 


*Received for publication May 30, 1930. 


tools, ete., and he complained of sick- 
ness at the time. 

T., as soon as he got out of the still, 
felt sick and vomited; meanwhile W. 
vomited severely and lost power in 
his legs so that he could searcely walk. 
They had some coffee. This was at 
6.30 p.m. W. was looking very ill by 
this time; both went to the ambulance 
room and while there felt sleepy, and 
W. even slept while a car was being 
brought to take them to the hospital. 
T. was treated at the hospital and sent 
home recovered; but W. was detained 
and he died at 4 a.m. the next morning. 
The postmortem appearances were said 
to be those following inhalation of a 
toxie agent causing respiratory failure. 
The organs had no unusual odor. 

Ethylene chlorhydrin has a boiling 
point of about 124°C. and it is unlikely, 
therefore, that poisoning was entirely 
due to inhalation of vapor. ‘The 
period of exposure of the man fatally 
poisoned was only about a quarter as 
long as that of the one who recovered. 
It seems certain that he absorbed most 
of the poison through the skin when 
mopping up the water which contained 
the ethylene chlorhydrin in solution. 
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DUST INHALATION AND IRON ORE MINING * 


MpGar L. Coututs, D.M., AND Str KenNeTH W. Goapsy, K. B. FE, 


HERE is 
that the inhalation of 
different kinds of dust 


general agreement 
today 
, even if 
the size of the particles is the same, 
is not followed by the same effects 
the 
needed to disclose what the effect is 


for each separate dust. 


upon lungs. Investigation is 
The present 


article is devoted to bringing to- 
gether certain facts, gathered for the 
Health Advisory Committee of the 
Ministry of Mines, associated mainly 
with exposure to dust generated 
while mining iron ore or hematite. 
These facts are presented under the 
headings: conditions of exposure ; mor- 
tality records; clinical examination; 


radiography; and pathology. 


(‘ONDITIONS OF I[}XPOSURE 


[ron is obtained from two groups of 
minerals, iron ore and iron stone (1), 

Iron ore, or non-phosphorie hema- 
tite, is got chiefly from mines in 
Great Britain along the West Coast 
in Cumberland and Laneashire. It 
one-tenth of the 
total output of iron ore and iron stone 
This 
per 
cent. of iron in the form of the oxide, 
esOs. 
cially in Laneashire, is soft and is 
rot 
freely generated in many of the mines 


has formed about 


got in the country since 1908. 


ore contains on an average 935 


While much of the ore, espe- 


under moist conditions, dust is 


when hard ore is drilled and manipu- 
lated. 


The existence of an exposure 


*Received for publication Feb. 27, 1930. 


to dust inhalation is manifested hy 
the red color of mucus coming from 
the air passages after one has visited 
the workings, and by the appearance 
of the miners’ arms, faces,and clothes. 
The ore is found associated with lime- 
stone rock. 

Machine drills, both wet and dry, 
Wet 
machines, in which a stream of water 
is introduced down hollow drills, are 
valuable for keeping down dust; but 


are used when mining iron ore. 


when, during rising, the operator is 
directing the drill so as to bore at a 
height higher than himself, he soon 
becomes soaking wet from the down- 
ward drip of water. 

Dry drills commonly 
employed; they generate much dust, 
which is blown directly 
toward the operator. 


are more 
backward 
This forms a 
fine dust cloud which permeates the 
atmosphere of the working place. 
When two or three drills are at work 
in developing, and when, owing to 
the absence of any through current 
of air, ventilation is poor or nonexist- 
ent, the atmosphere soon becomes 
intensively charged with dust. The 
dust exposure is more severe in the 
operation of rising than in sinking or 
drifting, because the dust falls directly 
down on the miner, whose face is 
of necessity near the surface being 
drilled. 


1 Consequent upon recognition of the facts 
presented in this article, steps have been 
taken to minimize dry drilling and to con- 
trol the dust hazard. 
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Analyses of iron ores show that 
silica is present in amounts varying 
from 5 to 16 per cent. Much of the 
silica, however, is present in the form 
of silicates of aluminium and magnes- 
‘um, and only small amounts exist as 
free silica. Sometimes little cavities 
of quartz may occur; but even so, the 
amount of free silica present reaches 
only about 7 per cent. Generally the 
percentage to be found in iron ore is 
much lower. 

Silica is recognized today as the most 
injurious constituent of mineral dusts. 
In the present instance the percen- 
tage present is not great; the intensity 
of exposure might, nevertheless, per- 
mit the inhalation of a sufficient 
amount to beinjurious. But the silica 
particles will be in a great minority 
with regard to other dust particles; 
and information is lacking as to 
whether the presence of such particles 
would in any way modify the usual 
influence exerted upon living tissues by 
silica. 

Next to the hematite most of the 
drilling takes place in limestone, which 
gives rise to a fine powdery dust. It 
is irritating to the upper air passages 
and coats the faces and clothing of the 
men with a fine floury layer. This 
limestone contains from 98 to 99 per 
cent. of caleium carbonate. 

Occasionally a little drilling in 
sandstone is done in iron ore mines. 
Such drilling must, of course, generate 
much dangerous dust; but fortunately 
the amount done is almost negligible. 


Summary 


[ron ore miners are exposed to the 
inhalation of fine dust generated while 
drilling. This dust consists: (a) 
mostly of oxide of iron with aluminium 


ae 


and magnesium silicates, but with 
only small amounts of free silica, and 
(b) also of limestone. 


Morrauity ReEcorpDs 


Records dealing with iron ore miners 
have been published by the Registrar- 
General in his last two Decennial 
Supplements dealing with Occupa- 
tional Mortality, z.e., the supplements 
concerned with the years 1910 to 1912 
and 1921 to 1923 (2) (3). 

These records are based, as to popu- 
lation at risk, on the number of 
occupied and retired males belonging 
to each occupation, as ascertained 
through the censuses of 1911 and 1921; 
and as to mortality, on the deaths 
which took place during the three 
years 1910, 1911, and 1912 for the 
population of 1911, and during the 
three years 1921, 1922, and 1923 for 
the population of 1921. The two sets 
of records are not, however, fairly 
comparable one with the other, since 
for the 1921 to 1923 period the popu- 
lation at risk and the deaths are 
concerned only with underground 
workers, while in 1910 to 1912, about 
one-quarter of the data concerned 
workers above ground and the super- 
vising staff. 

The number of persons stated to have 
been employed in getting West Coast 
hematite reached a peak in the cen- 
sus year of 1911. An influx of new- 
comers to an industrial population 
exerts certain influences. It so alters 
the age distribution of the population 
that the number at earlier ages is 
greater than usual. It weakens the 
occupational character of the popula- 
tion by introducing those who have not 
been exposed to any occupational risk 
so long as others who, perhaps, com- 
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industrial life in the 
And it swells the number 
of presumably able-bodied persons 
against which the deaths occurring 
among the permanent, and 
possibly retired, population have to be 
set. 


menced their 
industry. 


more 


Onthe other hand, precisely the op- 
posite position prevailed in the census 


TABLE 1.—MINING AND QUARRYING 
HiEMATITE IN CUMBERLAND 
AND LANCASHIRE, 1908 
TO 1925 


YEAR ouTrur PERSONS 
EMPLOYED 
tons 
1908 1,449,050 | 6,351 
1909 1,558,558 | 6 , 360 
1910 1,742,841 | 7,047 
1911 1,712,101 | 7,305 
19121 1,568,427 | 7,031 
1913 1,767,088 | 6, 900 
1914 1,630,682 | 6, 379 
L915 1,656,494 | 5,962 
LO16 1.608.353 6, 256 
1917 1,569,324 | 7.160 
LOIS 1.515.901 6,972 
1919 1,213,677 | 6,737 
1920 1.257.388 | 6.590 
1921 335,649 3,012 
1922 839, S01 4,055 
1923 1, 190,036 5,002 
1924 1.051, 283 4,141 
L925 951,873 3,550 


' Disputes in the coal mining industry 
affected output and employment. 
year of 1921. An extraordinary drop 
in output and also in the number of 
persons employed occurred in that 
year, consequent upon a dispute in 
the coal mining industry. But, since 
risk includes the 
retired and unemployed, as well as 


the population at 


the employed, the sudden slump in 
employment would not affect the cen- 
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sus figures to anything like the extent 
shown in Table 1. The bulk of the 
men would remain at their homes near 
the mines, drawing unemployment 
benefit, and only the mobile youths 
and single men would either be ceasing 
to join the industry or be leaving it 
for work elsewhere. The tendencies, 
then, would be somewhat to diminish 
the normal size of the population at 
risk and to alter the age distribution 
so that the number at earlier ages 
would be smaller than usual. 

While remembering the reasons 
already mentioned for not instituting 
close comparison between the vital 
statistics for iron ore miners of 1911 
and 1921, reference to the age distri- 
bution of the populations at risk 
discloses that the influences described 
seem to have been in action. Thus, 
in 1911, out of every thousand there 
were 268 under age 25, as contrasted 
with only 173 in 1921 (see Table 2). 
For other forms of iron ore mining in 
1911, out of every thousand there were 
231 under age 25, as contrasted with 
198 in 1921. Apparently the influ- 
ences at play have tended to swell 
rather unduly the population at risk, 
especially at early age periods, in 1910 
to 1912, and to deplete it somewhat in 
1921 to 1923. 

The sick and ailing among any 
population, from among whom the 
deaths will mainly be drawn, may 
be expected not to exhibit much mo- 
bility. In fact, the records of deaths 
ascribed to occupied retired 
miners through the years in question 
are likely to form a picture distinctly 
more representative of any risk in- 
herent in the industry than does the 
census of the population at risk. 

When the age distribution of the 


and 
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deaths is examined a definite tendency 
is disclosed, not only for iron ore miners 
but also for other iron miners, to be 
older at death in 1921 than in 1911, 
since out of every hundred deaths 
among iron ore miners only fourteen 
occurred at ages 75 and over in 1911, 
as against forty-two at ages 70 and 
over in 1921; while out of every 
hundred deaths among other iron 
miners eighteen occurred at ages 75 


— 


variety of designations. All such 
designations, however, are finally 


grouped under one or other of the 
three headings here brought together. 
Hence excess in mortality from this 
composite group from age 35 onward 
may be taken as some indication of the 
existence of a dust hazard, particu- 
larly if it is associated with an excess 
mortality from bronchitis and possibly 
from pneumonia. 


TABLE 2.—PROPORTIONATE DISTRIBUTION ACCORDING TO AGE OF POPULA- 


TIONS AND DEATHS OF 


IRON MINERS 








1910-1912 


1921-1923 





| 
CUMBERLAND | 
AND 


OTHER IRON 


CUMBERLAND | 


OTHER IRON 
AND oxi 





























sia | anieavie | TERS 
ohne LANCASHIRE eaineias LANCASHIRE | ames 
| Popula- | ; | Popula- | Popula- | til | Popula- | , 
| tion | Deaths | tion | Deaths | tion | Deaths | *, tht | Deaths 
a ora meen aa alee’ ee pocorn 
| | | | } 
15—} | 113 | 1 | 93 2 | 55 | 0 | 82 | 2 
20— | 155 | 3 | 133 | 5 | 118 | 4 | 116 | 2 
25— 242 | S 284 | 11 | 262 | 7 | 237 | S 
35— 180 | 11 211 | 12 | 236 | S | 239 | 10 
45 — 1229/ 12 48; 13. 167} 13 | 160 11 
55 116 26 85 | 19 94 13 | 100 16 
65 53 25 34} 20 | 34) 13 | 31 12 
75+! 12 14 7) 18 | 34| 42 35 39 
All ages 1,000 100 1,000 100 1,000 100 1,000 100 
Absolute | 
numbers...| 20,409 | 307 47,478 425 16,044 272 23,499 325 
1 In 1921 to 1923 figures were taken at age 16— and at age 70+. 


and over in 1911, as against thirty- 
nine at ages 70 and over in 1921. 


Mortality Rates 


The mortality per thousand living 
due to pulmonary diseases is stated 
for the two periods concerned in Tables 
sand4, Here mortality from phthisis 
is shown combined with that due to 
chronic interstitial pneumonia and 
other respiratory diseases. This has 
been done because deaths due to dust 
phthisis may be certified under a 


Vol. 12 
No. 7 


Hematite miners, with regard to 
this composite group, in 1910 to 1912 
exhibit from ages 35 onward, as com- 
pared with all iron miners, an unduly 
high This 


also higher, although not to the same 


mortality. mortality is 
degree, than the standard set by all 
occupied and retired males. 
nation of the figures for the period 
1921 to 1923 


same position. 


Mxami- 
indicates essentially the 


The mortality from pneumonia in 
1910 to 1912 is somewhat higher from 
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TABLE 3.—MORTALITY PER 1,000 LIVING AT VARIOUS AGE PERIODS DUE To 
CAUSES INDICATED, FOR THE YEARS 1910 TO 1912 
AGE PERIOD 
CLASS ar eae GA eae ee * 
| 15— | 20— | 25— | sgo— | 49— | 5d — | 65— | 754 


Phthisis with Chronic Interstitial Pneumonia and Other Respiratory Diseases 


Ilematite miners er ee 0.0 0.6 3 3.8 | 2.6 | 4.2 | 


2 | d.74 | 4.2 

All iron miners 7 0.3 0.8 | 0.8 ce 1.6 vi 2.2 1.7 

All occupied and retired males.... 0.6 14), 1.7) 2.2) 2.6] 2.9 2.9 3.8 
Pneumonia 

Hematite miners..... | 0.4} 0.3} 0.4 1.1 3.0 | 3.8 | 19] 42 

All iron miners ........| 0.2] 0.4! 0.4] 0.7] 1.6] 3.1! 1.9] 3.4 

All occupied and retired males 02| 0.3] 0.5] 0.8 | 13] 2.1) 3.4] 5.4 
Bronchitis 

Hematite miners | 0.0; 0.0; 0.0; 0.3} 1.5 5.5 9.3 | 37.5 

All iron miners..... | 00; 0.0} 0.1 0.1 0.5 2.8 4.8 | 38.7 

All occupied and retired males 0.0; 00; 0.1} 0.2} O.7 | 2.5] 7.8 | 23.9 


TABLE 4.—MORTALITY PER 1,000 LIVING AT VARIOUS AGE PERIODS DUE TO 
CAUSES INDICATED, FOR THE YEARS 1921 TO 1923 


AGE PERIOD 
CLASS : ‘wee an iin wena 


16— | 20— | 25— | 35— | 45— | 55— | 65— | 70+ 


Phthisis with Chronic Interstitial Pneumonia and Other Respiratory Diseases 


Hematite miners. 0.0 1.1 1.4 1.6 4.5) 2.0) 3.6 | 5.5 
All iron miners es i 1.1 0.6 1.9 1.1 2.8}; 1.8] 3.1 | 5.8 
All occupied and retired males 0.7 1.4 1.4 1.7 19/ 2.0) 2.0] 2.4 
Pneumonia 
Hematite miners... re 0.0! 0.5 0.5 0.5 0.8 | 0.7 0.0 | 11.0 
All iron miners... rr 00; 0.2; 0.3} 0.4} 0.8] 1.3 15) 9.8 
All occupied and retired males. . 0.2; 0.3|} 0.4) 0.7 1.0 l.7| 2.8 1.7 
Br ynch itis 
Hematite miners 7 — 0.0 0.0 0.0 0.0 0.0 3.3 | 12.6 | 47.6 
All iron miners TrTer 0.0 0.0 0.0 0.1 0.3 1.6 8.5 | 36.4 
All occupied and retired males... 0.0, 0.0) 0.1 0.2| 0.6 19! 5.1 | 17.7 
J. 1. Hi. 
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age 35 onward for the hematite sidered; and the percentage of all 
miners than for all iron miners; it is deaths at each age period due to any 
also higher than the standard from age _ special cause or causes—in the present 
35toage 65. Butin 1921 to1923 this instance, due to the composite phthisis 
cause of mortality for hematite miners group, to pneumonia, and to bron- 
is found to be below that for all iron chitis—is calculated. These percent- 
minersfrom age 55toage 70,andbelow agesare givenin Tables 5 and 6. 
the standard from age 35 to age 70. The hematite miners for the phthisis 
The mortality from bronchitis for group in 1910 to 1912 are found with 
hematite miners in 1910 to 1912 from a proportionate mortality from age 35 
age 45 to age 75 is quite definitely onward which is greater than that 


TABLE 5.—PROPORTIONATE MORTALITY AT VARIOUS AGE PERIODS DUE TO 
CAUSES INDICATED, FOR THE YEARS 1910 TO 1912 


| AGE PERIOD 


CLASS — — 
15— | 20— | 25— | 


| | 





35— | 45— | 55— | 65— | 75+ 











Phthisis with Chronic Interstitial Pneumonia and Other Respiratory Diseases 





4.4 | 














Hematite miners.. ............... | 0.0 | 20.0 | 20.7 | 35.9 | 16.3 | 10.9 | | 2.0 
All iron miners.................... | 16.7 | 25.8 | 18.7 | 25.8 | 15.2} 69] 3.4] 0.8 
All occupied and retired males..... | 27.2 | 38.5 | 36.8 | 28.0 | 17.7 | 9.6 | 4.2 | 2.4 
Pneumonia 
ae 0 ee ed ~ 2s eee 
Hematite miners................-. | 3.3|10.0| 6.9] 10.3] 18.4) 98] 2.2] 2.0 
All iron miners................. | 8.3]12.9| 9.3/10.1] 15.2] 11.4] 28] 1.6 
All occupied and retired males.....| 7.8 | 8.5 | 9.6; 9.9 | 8.5 | 7.0 | 5.0 | 2.9 
Bronchitis 
Hematite miners...............-.. | 0.0 00; 00; 2.6) 9.2} 14.1 | 11.0 | 18.0 
Je ere | 0.0} 0.0 13] 1.1 9.1} 10.38) 7.4) 18.4 
3) 4.5] 8.2) 11.6] 12.9 


All occupied and retired males.....| 0.4} 0.6) 1.1 3.2 


above that for either of the other two for all iron miners; but the proportion 
classes. In 1921 to 1923 the excessive is not greater than that for the stand- 
mortality does not appear until age ard set by all occupied and retired 
99, from which period of life onward males except for age 35 to 45. For 
it is pronounced, the 1921 to 1923 period the relation 
Svunintinnsls MMusatite between the two mining groups re- 
° ' mains substantially the same; but on 
The existence of some uncertainty, this occasion from age 45 onward 
as already mentioned, regarding the both mining groups, and_particu- 
populationsatriskforhematiteminers, larly the hematite miners, exhibit 
has led toan examination of the causes higher proportionate mortalities than 
of death by the proportionate method. those of the standard population. 
in this method deaths only are con- No significantly high proportion of 


Vol, 12 
a 
( 


No 











242 


deaths among either hematite miners 
or all iron miners can be ascribed to 
pneumonia at either period. Indeed 
in 1921 to 1923 the figures are signifi- 
cant of the reverse, just as was found 
when mortality rates were examined. 

[lematite miners in 1910 to 1912 
have an undue proportion of deaths 
aseribed to bronchitis from age 35 
onward when compared with both 
other groups. Butin 1921 to 1923 this 


TABLE 6. 
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of a dust risk for hematite miners, 
but could hardly, if taken alone, be 
held to demonstrate the existence of 
such a risk. 


CLINICAL EXAMINATION 


Dr. A. J. Cronin, while acting as 
Inspector of Mines, made a clinical 
examination of 100 men who were 
employed underground as drillers, in 
various parts of the hematite area, 


PROPORTIONATE MORTALITY AT VARIOUS AGE PERIODS DUE TO 


CAUSES INDICATED, FOR THE YEARS 1921 TO 1923 


CLASS 
lo— 


Phthisis with Chronic Interstitial Pneumonia and Other Respiratory Disease 


0.0 
a0 0 


ilematite miners. 
All iron miners ere 
All occupied and retired males 


AGE PERIOD 


Pneumonia 


Hematite miners 0.0 
All iron miners 0.0 
All oceupied and retired males 8.3 


20— | 25— | 85— | 45— | 50— | OS— | 70+ 
20.0 | 30.0 | 27.3 | 34.3 8.6 5.7 2.6 
16.7 | 33.3 | 18.5 | 25.0 8 0 5.4 3.3 
28.8 | 39.7 | 34.6 | 26.8 | 16.3 7.6 3.9 L.8 
10.0 10.0 Q ] D.2 2.9 0.0 5.3 
5.6 6.7 7.4 6.9 5.7 > 7 3.3 
S.] 1O.1 | 11.2 8.9 6.6 0.5 3.5 


. oars 
Bronchitis 


Hematite miners............ 0.0 
All iron miners | 7 0.0 
All occupied and retired males.... Od 


manifest 
until age 55, after which it is definite. 


undue proportion is not 
The similarity of the findings, as 
obtained by both methods of investi- 
gating the available data, gives greater 
the and 
for 


weight to results, ereater 


justification using them as a 


basis for deductions. 


Summary 


The evidence from mortality statis- 
tics just summarized, taken as a whole, 
is distinctly suggestive of the existence 


0.0 0.0 0.0 | 14.3 | 20.0 | 22.8 


0.0 
0.0 0.0 1.9 2.38 6.8 | 14.7 | 20.7 
0.9 1.9 3.1 4.9 


7.4] 10.2) 138.0 
} 


and of sixteen men, as controls, who 
were not drillers. As the result of this 
inquiry he found that while 27 per cent. 
of the men made no complaint what- 
ever relative to their work, a large 
proportion attributed certain symp- 
toms, or at least sensations, to the 
inhalation of dust. 
were constant although in different 
districts, a fact which ruled out the 
possibility of any collusion among the 
men; they included slight irritation of 
the nose and throat with a tendency 


These symptoms 
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to cough up dust for a short time 
after leaving the workings. Perma- 
nent cough, however, was noticeably 
absent. The most constant symp- 
tom was shortness of breath, often 
spoken of by youngmen. Any symp- 
toms indicative of pulmonary tubercu- 
losis were constantly lacking. An 
‘interesting feature, connected not with 
the hematite dust, but exclusively 
with limestone dust, was that men 
drilling in such dust complained of 
well-marked gastric symptoms which 
took the form of loss of appetite, 
occasional vomiting of food, and 
gastric pain. 

The only illnesses contracted by 
these men during the periods that 
they had been drilling were a few 
cases of mild influenza, one case of 
lumbago, one of neuritis, one of 
rheumatism, and two of pleurisy. No 
clinical evidence of pathologic change 
in the lungs was detected in sixty-four 
of the 100 drillers examined; however, 
there were six doubtful cases, and 
thirty which showed well-defined and 
constant features. These features 
weTe ; 

1. Loss of ability to expand the 
chest fully upon forced inspiration. 
iixpansion was effected quite defi- 
nitely by bringing the accessory 
muscles of respiration into action. 
This method of dyspneic breathing is 
in sharp contrast with that seen 
among cases of silicosis, in which no 
amount of effort lifts the ribs, and 
the only sign that deep breathing is 
being effected is obtained by watching 
the abdomen expand as the diaphragm 
contracts. 

2. There was a more marked than 
normal aecentuation of the supra- 
clavicular and infraclavicular hollows, 


usually corresponding with a flatten- 
ing of the chest in these regions. 

3. Anegative, butimportant feature 
was the absence of variation in the 
percussion note on the two sides; that 
is, all evidence of patches of massive 
fibrosis or of pleural involvement was 
lacking. Nevertheless, the note elic- 
ited on percussion, while equal on 
both sides, was in many cases less 
resonant and duller than normal. 

4. Breath sounds in certain cases 
deviated distinctly from the normal 
and assumed an almost puerile or 
at least bronchovesicular character. 
Auscultation gave no evidence of 
pleural involvement, except in one 
doubtful case. 


Summary 


Most miners exposed to the inhala- 
tion of dust from iron ore experience 
no troublesome effects. Others suffer 
from mild nasal and laryngeal irrita- 
tion, with, as years pass, loss of chest 
expansion and shortness of breath. 
Nevertheless, this condition does not 
readily manifest itself in pulmonary 
affections. 


RADIOGRAPHY 


Three sets of radiographs of iron 
ore miners have been obtained as 
follows: 

1. A set of eleven was taken and 
reported upon in May, 1919 by Mr. 
C. Thurston Holland, in charge of the 
X-ray department of the Royal In- 
firmary, Liverpool; the men _ were 
chosen haphazard by Mr. Leck, In- 
spector of Mines, and Mr. Gavan 
Duffy. First, a screen examination 
was made. This showed that in 
several cases the diaphragm was 
moving well and equally on both 
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sides, while no abnormality was de- 
tected. Then, a plate was taken with 
the anterior chest wall to the plate. 
Mr. Holland’s notes indicate that, as 
a group, these cases showed exagger- 
ated root shadows, patchy shadows 
extending from these, and, especially, 
diffuse mottled shadows; all of which 
were present to an abnormal extent. 
He considered that the cases as a 
whole pointed to a liability to lung 
trouble. The diffuse mottled shadow- 
ing—the most important finding— 
setting up 
small areas of inflammation. 


suggested some irritant 
Length 
of time at work appeared to be a dis- 
tinct factor in the amount of trouble 
present and the X-ray changes. At 
the same time changes were found 
after a short period of mining; whence 
the deduction that 
individuals vary in their susceptibility. 


may be drawn 

2. following upon the clinical in- 
vestigation made by Dr. A. J. Cronin, 
X-ray 
number of miners picked out by him 
Fifteen of 
these proved satisfactory photographs. 


films were obtained from a 


as likely to yield results. 
Taken as a group these cases showed: 


the 
shadows, but probably not more than 


(a) Some exaggeration of root 
is usual for men of middle age. (6) 
Generalized fine to medium mottling, 
in the lower two-thirds 
right 
apexes were frequently un- 


most definite 
of the lunes and on the side ; 
but the 
affected. The picture is in contrast 
to that of silicosis, wherein the mot- 
tling is coarser and the apexes are 
always affected. Probably — these 
differences at the apexes are associated 
with the different types of dyspneie 
breathing deseribed above. And (c) 


in several eases, a blurred edge to the 
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heart shadow; but no instance of 4 
cylindrical or vertical heart shadow 
was present. 

3. A further set of eleven miners, 
selected from among those examined 
by Dr. Cronin to serve as controls, was 
also X-rayed. The appearances just 
described, which are closely in accord 
with those noted by Mr. Holland, were 
again to be detected in this third 
group; but, as might be expected, the 
picture was not so definite. Never- 
theless, in six cases similar mottling 
was present, similarly distributed, and 
no instance of coarse general mottling 
was found. 

No indication of active tuberculosis 
was detected in any of the thirty- 
seven X-rays; but one of the third 
group showed opacities such as those 
usually ascribed to calcareous deposits. 
Nor were there present any shadows 
suggestive of pleuritic adhesions. 

The radiographie appearances in 
the lungs are frequently those of a fine- 
grained fibrosis. The term ‘‘grained”’ 
may be applied to the appearance 
of the films; they do not show the 
gross nodular, so-called ‘“‘snowstorm,”’ 
effect the silicotie lung, 
nor do they show the diffuse general- 


seen in 


ized fibrosis commonly seen in radio- 
graphs of chronic fibroid phthisis, or 
chronie bronchitis. The appearance 
is not peculiar to the photographs 
of the hematite miner, as the same 
fine in the ease of 
workers exposed to dust in the slate 
The 


which follows, favors this fine graining 


grain appears 


industry. histologic evidence 
being due to a type of fibrosis de- 
termined by the presence in the lung 
of certain foreign substances in the 
form of an irritating type of dust. 


g. ¥,. Be 
Sept., 1930 























DUST INHALATION AND [RON ORE MINING 275 


Summary 

The picture is interesting in the 
contrast it presents with that of 
silicosis. The arborization extending 
from the root shadows is, if anything, 
hardly more pronounced than _ in 
silicosis. ‘The generalized mottling is 
finer, more like a spider’s web, and 
it tends to be less developed at the 
apexes. These appearances resemble 
those deseribed by C. Badham (4). 
The blurred outline of the heart 
shadow is reminiscent of the condition 
reported in certain cases of asbestosis 
by W. B. Wood (5). 


PATHOLOGY 
Histologic HKxamination of the Lungs 


Material obtained from the lungs of 
three hematite miners was treated by 
the ordinary histologic methods (6). 
Portionsof the lung were fixed in 10 per 
cent.formalin, passed through paraffin 
in the ordinary way, and the sections 
stained by various methods: (1) 
hematoxylin-eosin; (2) van Gieson; 
(3) Gram-Weigert; (4) potassium fer- 
rocyanide for the demonstration of 
iron staining; (5) Ziehl-Neelsen for 
the demonstration of tubercle bacilli. 


Case H.1.—An iron ore miner, aged 35, 
had been using rock drills driven by com- 
pressed air without any water. He had no 
history of disease from 1912 until he suffered 
tor twenty days from influenza in May, 1918. 
He was treated in December, 1923 for chest 
complaint, which became progressively 
worse, and he died in February, 1924. 
Death occurred from pulmonary tubercu- 
losis, of one and one-half months’ duration, 
erified by postmortem examination. This 
man was one of those selected by Dr. Cronin 

showing clinical symptoms when he 
nspected the hematite mines. 

Radiographic Examination.—In May, 


1( | . rm 
1JI9 he was examined by Mr. Thurston 


ry} , aa ry. 
Holland, who reported as follows: The 


sereen examination showed that the dia- 
phragm moved equally and well on both 
sides. No definite abnormality was de- 
tected. The plate revealed exaggerated 
linear shadowing along the bronchi. Nu- 
merous large opaque spots were present, 
especially along the linear shadows on the 
right lung. Similar but smaller spots were 
evident along the same lines on the left lung. 

Morbid Anatomy.—The right lung only 
was sent for examination. The upper lobe 
showed numerous large, white bulging 
areas, was hard to the touch, and generally 
consolidated. Excised portions of this 
area sank when placed in water. The lower 
portion of the lung was normal in appear- 
ance but somewhat congested. On incising 
one of the white swellings present in the 
upper lobe, a large amount of brown, thick, 
purulent material escaped. Films made 
from the pus demonstrated the presence 
of tubercle bacilli, pus cells, polymorpho- 
nuclear and mononuclear cells. Gram 
staining showed large numbers of diplococci, 
gram-positive and capsulated. The whole 
of the outside of the lung showed evidence 
of old pleurisy and recent pleurisy with 
effusion. 

Case H.2.—An iron ore miner, aged 55, 
was engaged in the same occupation as H.1. 
He joined the National Health Insurance in 
1912; in 1916 he was away for three days; in 
1918 and 1919 he was away for one week and 
one day, respectively. He was a large man, 
weighing nearly 15 stone. On the day of his 
death he was at work and returned home in 
the evening in perfectly good health; he 
partook of supper and retired to bed. He 
was taken ill in the night, became uncon- 
scious, and died. At the postmortem ex- 
amination no obvious cause of death was 
discovered. 

Postmortem Exzamination.—The heart 
was dilated and enlarged, with no sign of 
organic disease. The coronary arteries 
were healthy. The aorta showed twosmall 
atheromatous patches. The lungs were 
each attached tothe chest from old pleuritic 
adhesions; no recent pleurisy was evident. 
On section the lung was very dark in color 
and exuded black fluid. There were numer- 
ous small nodules varying in size froma 
walnut to a pea. 

Histologic Excamination.—This showed 





the case to be one of acute bronchopneu- 
monia, supervening on chronic dilatation 
of the heart. 

Case H.3.—An iron ore miner, aged 58, 
died suddenly while at work on Feb. 11, 
1929. 

Postmortem Examination.—Vatty de- 
generation of the myocardium, endocardi- 
tis, and arteriosclerosis were revealed. 

There is no further history of the case. 


these 
three eases exhibit the same general 
There diffuse 


fibrosis, irregular in distribution, des- 


On histologic examination 


is a 


characteristics. 


troying large areas of the lung tissue. 
In one case (H.1) there was some ap- 
pearance of a tendency to generalized 
alveolar formation which could be 
seen best with a low power microscope ; 
but the fibrous tissue was loose in 
texture and suggests the replacement 
of 2 somewhat extensive though loeal- 
zed bronchopneumonia, rather than 
the type of nodular whorled fibrosis 
characteristie of that following inhala- 
tion of silica dust. The general low 
power appearances are intermediate 


between those of a frankly silicotie 
fibrosis and those of a chronic broncho- 
} the 


having extended further than a simple 


yneumMonia, fibrotic eondition 
bronchopneumonia. 

Qn staining the seetions for the 
a large amount of 
gave a bright color 
dust cells in the 
thinner patches of fibrous tissue took 


presence of iron, 


librous tissue 
reaction. Many 
onadeep blue tint. Thereisevidence, 
therefore, that the inhaled iron ore 
dust persists in the areas of fibrosis in 
the ease of the 


the lung. Liven in 


miner who died of acute broncho- 


nyneumonia, a considerable number of 
the 


in evidence, 


natches of same loose fibrotic 


tissue were this tissue 
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having replaced a large amount of 
the normal tissue. 

As far as can be judged from the 
histologic examination, the affection 
commences as a localized edema, the 
infundibula in local areas of the lung 
becoming filled with fluid which later 
becomes organized and is_ finally 
replaced by the fibrous tissue. There 
is none of the regular arrangement, so 
characteristic of a silicotie lung. 

Death occurred suddenly in two of 
these hematite cases. <A feature com- 
mon to allis anexeess of fibrous tissue. 
which shows that the lung is already 
[In Case H. 3 
portions of the lung floated, whereas in 


impaired in its activity. 


all other cases the lung sank in water. 
Although, clinically, the second case 
suffered from an acute attack of 
the fatal issue 


was undoubtedly accelerated by 1 


hbronchopneumonia, 


excess of fibrous tissue already existing 
in the lung. In only one ease (H. 1) 
were tubercle bacilli demonstrated. 

for comparison and as controls, the 
histology of the lungs of three coal 
miners is here ineluded. 


Case C. 1.—This man, aged 68, had been 
a coal miner all his life but had been idle 
for two years preceding his death. 

Postmortem Examination.—The body was 
The 


healthy; there was atheroma of the aorta 


badly nourished. heart muscle was 





ixamination of the lungs showed chronic 
pleurisy; several small cavities in both 
lungs; peribronchial glands, black and hard; 
thickening of the bronchial tubes. 

Case C.2.—This aged 51, had 
been a coal miner since schooltime; he had 
worked at totaling about nine 
months, on hard ground. He died suddenly 
on July 4, 1928, after having been under 
treatment since January, 1928 for bronchitis 


man, 


intervals, 


and heart failure. As death was certified to 


be due to cardiac failure and chronic lung 


f) 
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afection—silicosis—a postmortem examina- 
‘ion was conducted. 

Tistology.—The lungs showed the com- 
mon features of diffuse fibrotic lung inter- 
-yaced with solid areas of bronchopneu- 

nia: there were no whorled nodules of 

‘ecotie fibrosis, and no indication that 
jlieosis was a predisposing cause of the 

ite bronchopneumonia. 

Case C.3.—This man, aged 56, was a coal 

ner who had worked in hard headings at 
‘ntervals for many years, and gradually 
eveloped shortness of breath. He left 
work some eighteen months before his 
ath, which followed an acute attack of 
nfluenza. 

Postmortem Examination.—The presence 

chronic pulmonary tuberculosis and 

icosis was revealed. 

Hlistology.—Portions of the lung tissue 
ere entirely replaced by solid fibrous 
ssue arranged in whorls; no obvious dust 

rticles were detected in the fibrous tissue, 

on polariscope examination many re- 
ictive granules were seen. 

Other areas showed typical tuberculous 
nflammation with the presence of tu 


eilli in large numbers. 


a Cc 


In the ease of the first coal miner 
C.1) there was a very large excess of 
al dust seattered throughout the 
ung. Microseopically the lung was 
et black and resembled a lump of coal. 
Histologically a large quantity of loose 

fibrous tissue obliterated large areas 
of the normal structure of the lung. 
The particles of coal dust are not 
arranged haphazard in this fibrous 
tissue mat, but are massed in patches, 
ind in many instances are arranged 
regular lines, highly suggestive of 
blocking of lymphatic channels 
hich have been subsequently sur- 
inded by fibrous tissue. 

low far attacks of bronchitis of a 

tarrhal or influenzal nature, asso- 


ted with a eonstant inhalation of 


Large quantities of coal dust, are re- 
sponsible for this histologie strueture 


it is a little difficult to say, but this 
appears to be the most reasonable 
explanation. 

The coal miner (C. 3) with a history 
of working in silica or sandstone on 
hard ground showed the typical con- 
ditions of silicotic lung. Fibrous tis- 
sue replaces large tracts of the normal 
lung structure; it is in concentric 
layers, and viewed under a low power 
microscope gives the appearance of 
an aggregation of fibrous nodules 
matted together in a stroma of fibrous 
tissue. With a higher power micro- 
scope the tissue is shown to be closcly 
fibrosed, and none of the blocked or 
semipatent lymphatic channels are to 
be found; but with the polariscope 
large quantities of refractive granules 
are seen. In these two cases tubercle 
bacilli were demonstrated. 

In the case of the coal miner (C. 1) 
exposed only to coal dust, while a 


= . . 4 ‘4 oe ¢ re rv; 4 
iarge amount of porous tissue was 


TAWProOo gn + o 47 ‘ . 4 ih Sa ‘ ?— fe. 4 
present 1N tne 1ung, lu Was OT a aliferent 


4 
} 


type from that seen in the silicotie 
conditions. Areas of the alveoli were 
completely destroyed and replaced by 
diffuse, fine, loosely-woven strands of 
fibrous tissue. There were none of 
the compact areas, nor was the fibrous 
tissue aggregated into nodules, nor 
did it show the well-defined whorled 
arrangement typically seen in grinders’ 
rot and miners’ phthisis. The strue- 
ture was so far altered that it was 
impossible to make out histologic 
details; but the masses of coal dust lie 
in seeming channels, possibly the 
lines of old lymphatics; and the aggre- 
gations, possibly related to the aggre- 
cations of lymphatic tissue, are gen- 
erally seen around the atria of the 
infundibula. The condition in this 


lung is that of a diffuse, loose fibrous 





A be: 


tissue, entangled in the meshes of 
which are large quantities of coal 
dust; but there is no evidence of the 
fibrotic nodules seen in the lung in a 
miner exposed both to coal dust and to 
silica. There is nothing in the histo- 
logic evidence to show that the coal 
dust particles were responsible for 
the fibrosis, except that many of the 
strands of the fibrous tissue contain 
long lines of coal particles, highly 
suggestive of old lymphatie engorge- 
ment. ‘The histologic appearances are 
strikingly different from true silicotic 
fibrosis and the diffuse fibrosis of the 
hematite cases. 

The histologie findings in the three 
hematite miners differ from the find- 
ings in coal 
evidences of true silicosis and anthra- 
The other ease (C. 2) had no 
characteristic fibrosis but was heavily 
In the 
hematite lungs a common feature is 
present; the lung is diffusely fibrotic, 
has a roughly alveolar structure, a 
large proportion of the alveoli being 
bloeked by loose and fine fibrous tissue. 
The dust particles scattered 
throughout the lune and not 
ageregated in the same masses as are 
Many of the 
dust particles gave the bright blue 
reaction of iron. 


these 
COSIS. 


loaded with dust particles. 


are 
are 


seen in the other eases. 


The fibrotic tissue 
is of a loose and open texture and has 
the general appearance of the diffuse 
fibrous sear tissue which replaces 
eranulation tissue after injury. The 
appearances rather suggest the action 
of some mild neecrotie agent; and it is 
the 


dissolved from the dust 


not impossible that iron salts 


may act in 
thisway. The process appears slower, 


| 


less intense, and of a much less active 


miners showing 
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than the reaction 
lungs exposed to silica dust. 


nature seen in 


Animal Experiments 


The similarity of some of the fibrotic 
changes found to those set up in 
guinea-pig lungsasillustrated by H. \. 
Carleton (7), isinteresting. Pure coa| 
dust produced no fibrosis; there was 
little fibrosis in the shale dust animals. 
but evidence of bronchitis and broncho- 
pneumonia. In animals in which 
sifted garden earth was used, a certain 
amount of old pleurisy and some 
fibrotic outgrowth was noted. Flin 
dust inhalation for twenty-four hours 
produced no fibrosis in guinea-pigs: 
china clay inhalation caused capillary 
bronchitis. Under the conditions of 
the amount of 
inhaled by the animals was greatly 
in excess of that likely to be inhaled 
by workmen in the course of their 
occupation; it is difficult to copy 
experimentally the conditions existing 
in the dusty atmosphere of a mine. 
The respiratory tract of a guinea-pig 
is not comparable with that of a man; 
but, at the same time, the higher rate 
of breathing in the guinea-pig would 
partially increase the exposure risk. 
Carleton points out that the pulmo- 
nary response in the guinea-pig is 
different in degree from that of man, 
and that the outstanding lesion oi 
increase of fibrosis was not a common 
feature in the guinea-pig. 

The investigator exposed 
guinea-pigs to fine dust of hematit 
ore (8). Proliferation of the alveolar 
epithelium 
resulted; no fibrosis was produced. 
Carleton suggests that with this dust, 


experiment dust 





same 


and bronchitic changes 


ninea-pigs is less 


the renetion in 1 
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serious than that produced by dust of 
feldspar, china clay, ground pitcher, or 
sint. He found iron in the lungs, 
spleen, and intestines. In animals 


vhere the amounts of dust ad- 
ministered were very large, degenera- 
‘ive changes were found in the lungs 
six months after the last exposure. 

inaseries of experiments carried out 
during aninquiry into lead poisoning in 
he potteries an extensive series of 
inhalation experiments was made (by 
I. W. G.) using white lead (lead 

rbonate), zine oxide, and lead frit 

ad silicate). The animals used 
were cats. The animals were exposed 
to the dusty atmosphere for three to 
four hours a day over periods varying 
from one week to three months; at 
the conclusion of the experiment the 
animals were killed instantaneously to 
avoid any changes due to anesthetic 
vapors. Without entering into details 
of the histology, recent reexamination 
of sections from the lungs enables 
certain general conclusions to be 
formulated. 

All three types of dust resulted in 
bronchopneumonia, patehy in distri- 
bution in the earlier cases and becom- 
ing gradually generalized. There was 

difference in the tissue reaction to 
the different dusts; the lead carbonate 
was associated with early localized 
dema of the lung tissue, numerous 
infundibula becoming occluded by 
fluid which later beeame organized 
and slowly fibrous. In sharp contrast 
with the lead earbonate, lead silicate 

pparently induced active proliferation 
of the walls of the alveoli, which first 
pecame greatly widened by excessive 


growth of alveolar tissue cells and 


iater showed polymorphonuclear in- 


vasion following general broncho- 
pneumonia. 

The appearance of the inhalation 
response to white lead is curiously like 
that seen in the lung of the hematite 
miners, where the appearance suggests 
a preliminary exudative process fol- 
lowed by cell infiltration, and very 
slowly by fibrosis. In all cases very 
little of the material inhaled was to 
be seen in the blood vessels, and only 
areful search showed very few dust 
cells or polymorphonuelears charged 
with dust particles in the capillaries or 
alveolar veins. ‘The lymphatic chan- 
nels were, however, solidly charged 
with dust particles and apparently dis- 
integrating cells. 


Summary 


Any generalization is impossible 
upon so small a number of histologic 
examinations, but it may be stated 
definitely that, in addition to the well- 
known changes produced by silica, 
and termed silicosis, definite changes 
of fibrotic type are produced by in- 
halation of dust in the hematite 
miner, and that generalized fibrotic 
changes are to be found in the lung 
of a person exposed to some kinds of 
coal dust, but without any evidence 
of silicotic change. Further, these 
changes resemble those set up experl- 
mentally in animals when toxic dust, 
such as lead carbonate, is inhaled. 


GENERAL SUMMARY 


I-xperience from the mining industry 
suggests that: (a) Prolonged inhala- 
tion of dust from iron ore does not 
originate miners’ phthisis, nor any 
tendency to pneumonia, but (0) it 
does set up bronchitis; (c) it causes 


| 
| 
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shortness of breath and impairs chest 
expansion without, however, setting 
up troublesome symptoms; (d) it is 
associated with X-ray shadows indic- 


to 
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ative of fine diffuse fibrosis; and (e) it 
originates definite generalized pulmo- 
nary changes of a fibrotic type which 
impair the usefulness of the lungs. 
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SOME NEW METHODS OF HEATING BUILDINGS* 


H. M. Vernon, M.D. 
Investigator for the Industrial Health Research Board, London 


INTRODUCTION 


URING the last few years a 
method of heating which may 





conveniently be termed low 
nperature radiation has been de- 
eloping rapidly in Great Britain, 
dit seems probable that it will 
eyelop still more rapidly in the future. 
‘he principle of the method is to heat 
arge surfaces, or panels, to a tempera- 
ture of about 100°F. by means of con- 
cealed hot water pipes or electric resist- 
nee wires. The panels are located in 
the ceiling or the walls of the room, and 
he heat from them radiates to all parts 
the room. It warms up any sur- 
ces it strikes against, and these sur- 
es in turn give up their heat to the 
in contact with them. The radia- 
}is of so mild a character and warms 
surfaces so slowly that they are 


hotter the 


about 3° than 


sur- 
nding alr. 





Hor Water PANEL HEATING 


| he principle of wall heating and 
erfloor heating by means of con- 
ed pipes was originated by Barker 
in 1908. The best place for the 
is is the ceiling, for in that position 

is no obstruction to their free 
ition in all directions. In Figure 1 
coils of pipes are seen partly em- 
ed in the ceiling plaster of a room. 
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They are subsequently covered over 
with a thin layer of plaster and ren- 
dered invisible. The pipes are made 
of steel, and are of half-inch internal 
diameter. It found (2) that 
when hot water was pumped through 
such pipes at a flow temperature of 
37°F. and a return temperature of 
120°, the plaster surface had an aver- 
age temperature of about 100°. The 
heat from the panels is almost wholly 
radiant, for it was found that the air 
temperature in the room was constant 
at alllevels, to within 1°F., until about 
4 inches the aetual panel, 
when there might be a rise of 2°. 
Owing to the radiation, the floor sur- 
face is slightly warmer than the air 


Was 


below 


above it, as can be seen from Figure 2. 
which the 


served in a schoolroom provided with 


shows temperatures ob- 
Some of the heat from 
the panel pipes is conducted through 
the and material of 
which the ceiling is constructed, and in 


ceiling panels. 


concrete other 
multistoried buildings portions of the 
floor of all but the basement rooms are 
warmed appreciably by this conducted 
hea 

Figure 3 represents the temperatures 
observed in a large office, which had a 
band of panel pipes, 33 feet in width, 
running around the periphery of the 
ceiling near the walls. It will be seen 
that these pipes heated the ceiling 


surface to a temperature 50° to 40 
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above that of the air. while the floor 


below was LO° to 12 


warmer than the 
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The concealed steel pipes are diff 
to repair if they get out of order, 44 
an alternative method is to use exp. 64] 





1.— Ceiling panels in course of construction. 











air. Part of this exeess of floor tem- 
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ric. 2. Tempe rature gradients at schools 


»rovided with various svstems of heating. 


perature Was due to direct 


radiation 


rrom the eelling above. hut most of it 


Wiis due to eonduetion. 


east iron panels through which narrow 
hot water pipes run. A> sechoolroom 


fitted with sueh exposed panels is 


on 
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RO/T + " FEET 

Fic. 3.—Temperature of ceiling an 


floor in an office with ceiling panel heati 


room 


The 


glazed doors on two sides, whieh col 


shown in Figure 4. 


be swung wide open in warm weat! 
sO as TO produce What was virtu: 


an open air school, 
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Ienecrric PANEL HEATING 


ough the panels have hitherto, as 
», been warmed by the circulation 
ot water, it seems probable that 
rie heating will ultimately form 
standard method. A very conven- 
<ystem of electric heating has been 
loped by Grierson (3), according 
-hieh a number of panels, each 6 
by 2 feet in area (or 5 feet by 1 




















whatever may be desired. The cur- 
rent is kept running continuously all 
the winter, even over week-ends in 
buildings such as those containing 
offices, so as to Maintain the walls and 
ceilings at an even temperature, but 
this continuous heating is somewhat 
expensive, and it is caleulated that 
even with electricity at the lowest rate 
supplied in England (0.6 penny a unit 











lic. 4.—Schoolroom with ceiling panel heating and glazed swing doors. 


, are fixed as a continuous band 
nd the periphery of the ceiling of 
room. ‘These panels are 13 inches 
x, and contain insulated wires 
edded in plaster which is carried on 
rk slab and seeured to asbestos back- 
rds. They are heated to a maxi- 

surface temperature of 125°F., 
eh their temperature is usually 
it 90°. They are in connection 

a thermostat, which is set so as to 


ban air temperature of 60°, 65°, or 


the cost of heating is nearly doubl 
that of a ecoke-fired hot water radiator 
system. A considerable saving would 
be effected, however, if the current 
were shut off for most of the week-end 
and for some hours each night. 

It is obvious that the lower the 
temperature of the panels, the larger 
the area of heating surface required to 
maintain the air at the desired tem- 
perature. As the expense tends to in- 
crease with the size of the panels, it is 
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natural to reduce their size but increase 
their temperature. In one of the 
factories investigated, the ceiling panel 
pipes were supplied with low pressure 
steam, which kept the panels at a 
surface temperature of about 200°F., 
or 140° above an air temperature of 
60°, instead of the usual excess of 40°. 
According to Stefan’s law, the radia- 


tion from a surface varies in proportion 





in the lower side, and by sending a 
rent through this, the undersurfa: 
the plates is heated up to as muc 
\00°F. The plates are suspende: 
feet above floor level, as can be sex 
Figure 5, which represents an inst: 
tion at an elementary school. BP 
new method, an account of which 
not vet been published, I found 1 
the radiation received by a child sit 
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hig.5.—Sehoolroom warmed by high temperature heating elements. 


to the fourth power of the absolute 
temperature; hence it follows that the 
excess radiation per unit area of these 
steam heated panels would be 4.6 
times greater than that from hot water 
heated panels kept at 100°. 

In a still more recent method of 
heating, fire clay plates, 2 feet by | 
foot in area, are employed (4). These 


heating elements have a zigzag ribbon 


laver of graphitic material embedded 


at his desk was equivalent to a rise 
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6° in air temperature (e.g., when the 


air had a temperature of 54°F., t! 


child felt as warm as if the air h: 
heen at 60°, but with no radiation 


If one stood directly under a heati 


element the radiation was soon felt 

be too powerful for comfort, and 
cloth surface kept horizontally at he: 
level was found to be 19° warmer th: 
the air. In order to distribute t 
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r- tion more equably, it would there- 
of ye better to raise the heating ele- 
is ‘s as high above the floor as 
I) ‘ble. that is, to fix them close to 
in eiling. Thereby almost the whole 
\- ne heat from the elements would be 
a ined in a radiant form, whereas at 
is ent a great deal of it goes to heat 
ut upper strata of air, and is wasted. 
ig ‘ead of the nearly uniform tempera- 


created by the ordinary panel 
rem, the air at a level of 12 feet 
ve the floor was found to be 14° 
rmer than at floor level. 
if as much radiation as possible is 
sired from heating panels, and a 
nimum of convection, it is essential 
t they be correctly placed. Griffiths 
| Davis (5) made numerous observa- 
ns which bear on the subjeet. They 
nd, for instanee, that a vertical 
nch gas pipe, 83 feet in height, with 
emissivity of 0.9, transmitted 58 
cent. of its heat by radiation. 
is was when the pipe temperature 
36° higher than the air tempera- 
With shorter pipes the propor- 
of radiant heat was smaller, being 
Ol per cent. with a 1l-foot pipe. 
ese results apply equally to plane 
hices; it follows, therefore, that 
the hot panels are loeated in the 
ls of a room, only a little over half 
their heat is radiant. The loss of 
t by convection is due to currents 
ur which rise rapidly, close to the 
ted surface. Griffiths and Davis 
nd that when a plane surface, 3 to 4 
square, was suspended horizon- 
with the hot surface facing up- 
|, the proportion of heat lost by eon- 
lon Was somewhat less than when 
is vertical. When the hot surface 
lacing downward, the proportion 


at lost by convection was two- 








thirds as much as when it was vertical. 
The experimental hot surface lost heat 
by convection because it created cur- 
rents of hot air which ascended to the 
upper strata of air in the laboratory; 
but as there is practically no stratum 
of hot air beneath a ceiling panel 
there can be searcely any loss of heat 
by means of convection currents. 


INFLUENCE OF RaAbDIANT HEAT ON 
SENSATIONS OF WARMTH 


It has been maintained that radia- 
tion from ceiling and wall panels at 
LOOSE. will cause a room to feel per- 
feetly warm and comfortable at an 
air temperature of 50° to 55°. In 
Mngland—though not in America—it 
is generally considered that a comfort- 
ably Warhh temperature for sedentary 
persons is about 63°. If this claim is 
correct, the radiation from the panels 
is equivalent to an additional air tem- 
perature of 8° to 13°. Asstated in the 
foregoing, the temperature equivalent 
of the radiation from small hot panels 
was found to be only 6°, and a series of 
observations made in conjunction with 
T. Bedford and ©. CG. Warner (6) 
showed that the temperature equiva- 
lent of the radiation from ceiling 
panels was very much less than this 
figure. Our observations were made 
in a schoolroom heated by exposed 
panels as shown in Figure 4, and we 
sat in this room for a period of 140 or 
1SO minutes under various conditions 
of temperature and air velocity. We 
measured our skin temperature (fore- 
head, hands, and feet) by means of a 
thermopile, and carefully recorded our 
sensations of warmth. ‘Two sets of 
control observations were made in 
rooms warmed by convected heat. 


Krom the mean of all the observations, 
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both on skin temperature and on sen- 
sations of warmth, we coneluded that 
with air at equal cooling powers (as 
estimated by kata-thermometer) con- 
veetion heated rooms felt 1.3° cooler 
than the panel heated room. A simi- 


lar result was obtained in an earlier 


investigation (2) by a less exaet 


method. 
extreme 


the somewhat 


claims made for the merits of the panel 


Though 


system cannot be substantiated, there 
doubt 


method of heating, especially because 


is nO that it is an excellent 
of the equable air temperature it in- 


Also the mild 


radiation appears to be pleasant and 


duees at all levels. 


slightly stimulating. It is well known 
that the radiation from a highly heated 
surfaee such as a gas fire often feels 
too intense. Tf one sits 6 feet from an 
nverage gas fire, the exposed surface of 
the hody is warmed about 15° higher 
the 
surface, and this very unequal dis- 


than Opposite and unexposed 


tribution of temperature soon. feels 


Small 


temperature are stimulating, though 


unpleasant, inequalities — of 
ut present there is very little evidence 
the 
desirable degree of inequality. 
states that 
she and another investigator found 


as to what constitutes most 


Margaret Fishenden (7) 


that the most comfortable conditions 
corresponded with an air temperature 
of 55°, in conjunction with the requisite 
intensity of radiation for warmth. In 
the absence of radiation she liked a 
The 


radiant heat (from a gas fire, coal fire, 


convection temperature of 65°. 


or eleetrie radiator) was, therefore, 
equivalent to a difference of LO® of air 
This is a deal 
the eomfortable 


radiation equivalent dedueed by my- 


temperature, great 


higher than most 
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self and another investigator in s 
recent observations. 


UNDERFLOOR HEATING 


A system of underfloor heating 
recently been installed in the | 
eathedral at Liverpool, and almost + jp 
entire floor space consists of a douse 
floor enelosing 2 system of shal! 
duets, 12 inches by 9 inches in eross 
section. Warmed air from stoves sit u- 
ated under the center of the build: 
is circulated through these duets 


The s 


tem of duets is a closed one. the sa 


means of a centrifugal fan. 


air being continually — cireulat 
Above the duets is a 33-inch air spa: 
eovered by a thin laver of mate: 
which supports the marble floor. I 
air is usually delivered into the mai 
ducts at a temperature of 150°, and it 
passes to a series of lateral flow an: 
return ducts. These duets run clos 
to one another in order to equalize thi 
distribution of heat, and they keep th: 
Hoor at an average 
about 70°. A 


(2) made in 


temperature 0! 
series of observations 
it line across the centr 
space of the eathedral showed that tly 
air temperature at head level (45 feet 
above the floor) was, on an averag 
L.S° lower than at foot level (6 inches 
above the floor). 

Underfloor heating by means of hot 
water pipes has been adopted at 
number of elementary schools recent 
These schor 
were designed by G. H. Widdows (* 
and a reproduction of a portion of 01 


erected in Derbyshire. 


of the classrooms is shown in Figure | 
On two sides the room has glazed doo 
which ean be fastened back in pail 
If less 
hopper windows, which form the upp: 


ventilation is required, t! 


portion of each swing door, can |! 
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od 43 inches, or they ean be turned 

so as to form a gap 2635 by 26 
es in area. There is a broad 
nda outside the glass doors, where 
hildren often sit in warm weather. 
lighting is effected by a hugh north 
+ window, running the whole width 
he classroom. The lower portion 


his window is seen in the figure. 





rs lower edge there is a 33-inch hot 


fer supply pipe, the hot air rising 


G. 6. 
ndow flap turned down. 


ni which tempers the down drafts 
mn the window. From this supply 
«smaller pipes pass vertically to the 
neh pipes running under the whole 
he floor. These pipes, which are 
nches apart, are supported 2 inches 
ve the level of an underfloor of 
‘rete, 


The aetual floor, consisting 
libs of econerete ~ inch thiek, is 3 
es above the pipes. On the top 
he concrete is a laver of granwood 


embedded in cement. The pipes 














Floor heated classroom showing glazed doors with hopper windows, 
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maintain the floor at a 
of 63° to 76°. 


ber of observations made at 


temperature 
The means of a num- 
various 
levels above the floor are plotted in 
Figure 2. From this it will be seen 
that while the floor itself had an aver- 
age temperature of 72°, the air 6 inches 
above the floor had one of 54.5°, and 
the air at head level, one of 52.3° 

In order to aseertain the warmth 


giving qualities of this underfloor svs- 


WAS 





Nh: 


and 


tem, three investigators (6) made 
numerous Observations on themselves 
for periods of 140 to 180 minutes, on 
the that 


deseribed. ventilation 


plan as previously 


The 


arranged as to cause the cooling power 


Same 


Was sO 


of the air (the mean of observations at 
foot level and head level) to be 6.8, 


8.3. or 10.1. and eontrol observations 


were made in a eonvection heated 


room. From the mean of the observa- 


tions made ut cooling powers ot Os 





28S 


and 8.3, 
that the eonveetion heated room felt 


225° cooler than the floor heated room. 


the investigators concluded 


Thus the floor heating had a distinetly 
greater influence on warmth than the 
low-temperature ceiling panel system. 
Its effeet must have been due partly 
to the extra heat reeeived by eondue- 
tion from the warm floor through the 
soles of the feet, and partly to radiation 
from the floor surface. 





80° 


q 














65+ 
> 
BOF 
5 Lu I i 
0 5 10 
FEET ABOVE FLOOR LEVEL 
hia. 7.—Temperature gradients in fac- 


tories heated by plenum air and by over- 
headsteam pipes, 
Hoor 


The warm found to be 


pleasant to the feet if its surface tem- 


Was 


perature did not rise much above 70°, 
but higher temperatures than this were 
not comfortable. The children appre- 
ciate the warm floor as their boots are 
not alwavs water-tight, but underfloor 
heating would not be suitable for fae- 
tories if much of the floor surface were 
covered by machinery or other articles, 


Nor would 


it be suitable if the machinery were 


as it would be ineffective. 


very heavy. It would prove suecess- 


ful in rooms where most of the floor is 
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exposed, and especially so in) w 
rooms with big doors which are o;) 
opened to the outside air for the adn 
sion of material or the removal of } 
ducts. It is difheult to maintain ©» 
adequate temperature in such roo: s. 
and sinee they are specially liable (5 
drafts at foot level, a warm floor wou 
he most welcome. 

Ceiling panel heating is most su:t- 
able for faetories, as it not only gives 
a very even distribution of heat in «|| 
places and at all levels, but it say 
the valuable floor space taken up 


4 


radiators and other heating units. 
is desirable that, in addition to the 
panels, low hot water radiators or pip 


J 


be placed below any large facto 
windows in order to counteract down 
drafts. 

It will be seen from Figure 2 that 
both the underfloor heating and the 
ceiling panel systems maintained an 
air temperature which 


was nearl\ 


steady at alllevels. In another schoo! 
investigated (6) an even temperature 
was though the 
classrooms were heated by hot wate: 
and This 


cause they were well placed, for two 


likewise observed. 


pipes radiators. was be- 
53-inch pipes ran around three sides ©! 
each room at an average height of 7 
inches above the floor, while two 01 
three radiators were placed under t! 

hot 
radiators and pipes may give rise 1 


windows. Badly placed wat 
a considerable temperature gradien 
though not so marked a gradient 

steam pipes cause. In Figure 7 «1 
recorded some observations made in 
heated by overhead 
pipes (9), and it will be seen that th 


temperature at 


factory steal 


level 
higher than at floor level. 


head was 


Plenum a 
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‘nstallations may give just as steep a 
oradient, as can be seen from the 
sample record (Fig. 7). Therefore 
both of these systems tend to induce 
hot heads and cold feet, instead of the 
reverse condition induced by under- 
door heating and ceiling panel heating. 


SUMMARY 


|. Low temperature systems of heat- 
ing have been developing rapidly in 
Great Britain. Usually they take the 
form of ceiling panels heated by 
embedded hot water pipes to a tem- 
perature of 100°F. The heat from 
these panels is almost wholly radiant. 
This causes a very even air tempera- 


ture at all levels, though the fioor and 
other surfaces receiving the radiation 
are 3° warmer than the air. 

2. The ceiling panels may be heated 
by electric resistance wires to a tem- 
perature of 90°, but small panels 
heated to 500°F. have also been 
employed. 

3. Underfloor heating by means of 
air ducts is employed in a cathedral, 
while a number of schools have hot 
water pipes running under the entire 
floor. ‘These pipes keep the floor at a 
temperature of about 70°, and cause 
the rooms to feel 2.5° warmer than 
rooms heated by convected air of the 
same cooling power. 
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BOOK REVIEW 


THe Money VAuLvur or A Man. By Louis 
I. Dublin, Ph.D., Statistician, Metropol- 
itan Life Insurance Company, and Alfred 
J. Lotka, D.Se., Supervisor of Mathemat- 
ical Research, Metropolitan Life Insur- 
ance Company. Cloth. Pp. xv, 264 with 
index and illustrations. New York: The 
ftonald Press Co., 1930. 


The purpose of this volume is to 
present in terms of the latest available 
| 


data the money value of a wage earner 


to his dependents. ‘The method used 
in the ecaleulations is essentially the 
one introduced by William Farr, based, 
however, upon present day values. 
The United States life table for males 
for 1924 


earnings at different ages are used in 


and modern schedules. of 
determining the value of a man. 

The present worth at stated ages of 
the net and gross future earnings has 
been caleulated for maximum annual 
salaries ranging from $1,000 to $10,000. 
The results are presented in two groups 
of tables, one based upon a discount 
rate of 34 per cent. per annum and 
the other upon 43 per cent. Values 


are 


substandard 
individuals having a mortality in ex- 


also presented for 
cess of that of normal persons ranging 
from 380° per 150 per 
These data are tabulated in eighty 


cent. to eceni. 


tables which are simple and readily 


understood. 


The volume contains ten chapters 
in which the methods of estimating are 


the 
the outset 


and various uses. of 
tables are illustrated. At 


an historical outline of the subject is 
] 
l 


deseribed 


given. Following this is a detailed 
estimation of the cost of bringing a 
child ito adoleseence. 

After this study, the method of 
developing the 
Normal 
with physical handicaps are considered 
in turn. 


tables is deseribed. 


individuals and individuals 


The last four chapters are devoted 


to discussions of the application of 
these data to the many aspects of the 
problem of evaluating man. = The 
authors discuss the vital problems of 
compensation for personal injury, dis. 
ease, and depreciation, and their ap- 
plication to public health and life 
insurance. 


Determination of the amount of 
compensation for personal injury 


should be 
method of 
values. 


based upon an adequate 
appraising human 


The authors point out the 


lost 


wide discrepancy among past awards 
and the lack of uniformity in the 
machinery of workmen’s compensa- 
tion The tables presented in 
this volume are of great value in this 
connection, and their use is illustrated 
in a number of well chosen examples. 

Public health will find 
much material of value in the chapter 
devoted to the problem of community 
health. The tables furnish a basis for 
estimating the financial returns from 
public health work and are therefore of 
value in determining the necessary 
per capita health tax of a community. 

Finally, the tables constitute a 
sound basis for determining — the 
amount of life insurance that should be 
varried by the wage earner. Amounts 
determined from these data far exceed 
the 
carried by American workers. Indeed, 


acts. 


workers 


average amounts of insurance 
the present cost of insurance does not 
permit the carrying of even the mini- 
mum amounts determined by this 
The discuss 
problem and suggest the best solution 


method. authors this 
in a number of cases. 

The book should be of the utmost 
practical value to public health work- 
ers, compensation boards, and others 
interested in the welfare of the wage 
earner.—Theodore Hatch. 
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